Abstract
Introduction

13
Schottky spectroscopy on heavy ions in a storage ring is an important and 
where f is revolution frequency, m/q is mass-to-charge ratio, v is velocity, γ 24 is the corresponding Lorenz factor, and γ t is the so-called transition energy of 25 the storage ring. By selecting as references certain nuclides whose masses are 26 precisely known, the masses of the remaining ones can be determined accord-
27
ingly. This is the basic principle of isochronous mass measurements at heavy-ion 28 storage rings.
29
The Schottky noise can be picked up non-interceptively by means of either 30 the image charge of the beam on a pair of capacitive plates, or the excited elec-31 tromagnetic (EM) fields inside a radio-frequency (RF) cavity [3] . The major 32 advantage of the latter is owing to its resonance nature, so that the intensity 33 sensitivity is enhanced with respect to the former. This can essentially improve 34 the signal-to-noise ratio of the obtained frequency spectra, and necessitate fewer 35 consecutive frames for averaging so as to reveal a weak signal above the back-36 ground, which in turn helps improve the time resolving power of the whole 37 detection system.
38
In 2010, an RF cavity as a Schottky noise detector was installed in the the isochronous ion-optical mode [6] . We note that with this resonant device, 
Here, N is the ion number, q is the ion charge, f rev is the mean revolution 
where K is a constant.
97
The left hand side of Eq. (3) is obtained from frequency spectra, which is 98 naturally a function of revolution frequency f :
The right hand side can be obtained from simulations or benchtop measure-100 ments, which show the variation as a function of horizontal position x:
As a result, f and x are related by a gauge function G. While this can symbol-
102
ically be written as
the detailed procedures of estimating G have been presented elsewhere [7] .
104
After the gauge function for every nuclide is obtained, one can assign an 105 arbitrary representative position x rep , and accordingly calculate the represen-
106
tative revolution frequencies {f rep } for all the nuclides by using Eq. (6). These 107 frequencies will be used for subsequent mass evaluations, following the algorithm
Since the revolution orbit is manually set to the same value 109 for every nuclide, the evaluated masses will be free of the anisochronism effect.
110
As a matter of fact, it is not necessary to directly measure horizontal position 111 for each ion. Obtaining the gauge functions {G} for all the nuclides would be 112 sufficient to correct for the anisochronism effect. 
Here, the third transition energy in Table 1 
This weak signal is in competition with, mostly, the thermal noise. If the mag- is therefore given as
where k B is the Boltzmann constant, and T is the device temperature, which 161 is assigned to be 295 K. If we require that the signal-to-noise ratio must be at 162 least 4, then R sh /Q 0 can be estimated from Eqs. (8) and (9):
where Q l is assumed to be 10 3 , and the first revolution frequency in Table 1 is   164 taken for the calculation, again because it represents the least favorable scenario.
165
The vacuum chamber of the CR at dispersive sections has a big size of 41 166 cm by 20 cm, which also defines the aperture of the cavity. In this rectangular hence no specific numbers can be assigned beforehand. and the associated Cartesian coordinates are presented in Fig. 1 . Besides, the 181 aperture is offset halfway to the left, and indicated with a dotted rectangle.
182
The EM fields inside the cavity can analytically be obtained by solving
183
Maxwell's equations in free space with a perfectly conducting boundary. For 184 the rectangular cavity, the electric field in the monopole mode is written as [15] 185 186
where E 0 is a scaling factor. The field has only a longitudinal component. The 187 resonant frequency f 0 is written as
where c is the speed of light. In the same vein, the electric field expression for the elliptic cavity is written 
Afterwards, the characteristic shunt impedance can be calculated according
197
to the definition
where W is the stored EM energy inside the cavity. For instance, R sh /Q 0 of the 199 rectangular cavity is written as 
where all the variables are in centimeters.
208
The optimum dimensions of both cavities are visually selected by inspect- 
Benchtop tests 241
To check the design concept, we have manufactured a prototype cavity for 242 each geometry. The prototype is scaled down by a factor of four, and so is 
247
The electric field is profiled by the perturbation method [17] with a ceramic 248 bead whose radius is 2.5 mm. The bead detunes the cavity when it is placed 249 inside. The detuning frequency Δf is related to the field strength E at the bead 250 location [18] :
where α b is the form factor that only depends on the bead, and W is the stored 252 energy inside the cavity.
253
Since the exact value of the dielectric constant of the bead is unknown,
254
we have to determine it experimentally. Therefore, a calibration cavity is in 255 addition manufactured, which is a pillbox with a radius of 16.8 cm and a depth (18) adjusted, the bead is kept stationary and the cavity is moved to the assigned 278 positions.
279
The profiling volume is bounded at x = ±4.5 cm, y = ±2 cm, and z = ±5.5 (15) and (18),
286
assuming that the electric field has only a z-component. The measured R sh /Q 0 287 maps for both prototypes are shown in Fig. 8 .
288
The measured R sh /Q 0 map exhibits, in general, an ascending trend as the 
